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tain type f steel and the quenching 
edium t be used 


27—TANTALUM EQUIPMENT: Us« 
ful information on the chemical and 
physical properties of tantalun 
ontained in offered by Fan- 
teel Metallurau Detailed 


engineering descriptions of 


booklet 
Corp 
single 


and multiple tube bayonet heaters 


heat exchangers and instrument 
protection are included 

28—CUTTING FLUIDS: To aid in 
selection of proper straight cutting 


oil or base for specific operations 
F. Houghton & C has issued a 
general rec- 
-Max se- 
concentrated 


29—LOW-TEMPERATURE METAL 
TREATMENT: Advantages of low 
temperature me tal treatn 
cribed in 8-page folder obtainable 
Products Div 
ng Corp. Tech- 
ults 


} 
etals 


ent are de- 
from Sub-Zero 


and res 
arious 


| 
of. 


30—SERVICE FACILITIES: In 
proved facilities for quickly 
ipplving steel from stock, are 1l- 
available 
& Son, Inc 


more 


ustrated in brochure fron 


Ryerson 


32—BRAZE-CLAD METAL S: Clad 


etal combinatior of Var i Dase 
t ferrous and fer is, clad 
vith a wide range f silver brazing 
illoy are described in pamphlet 
ued the S ‘ ( 
Technical infe ition and use 


33—CARBON AND GRAPHITE 


PRODUCTS: A new catalog sectior 
describing and illustrating Nat 
Carbon Co. carbon and raphite 
products is now available Product 
n grace tre p ist pery i 
for applications in the che al and 
pl etallurgical mechanical 
ind electrical eld ire ill te 
scribed 


34—INDUCTION HEATING: Book 
let obtainable from Westinghouse 
Electric Corp. presents case histories 
induction heating ha in 
duction 50 to 2000 pet 
up to 90 pet, and cut 

Modern induction 


apparatus are described a 


creased pre 
reduced space 


production cost 


ools for hardening, heat 


r joining metals in 


quantities 


35—MACHINING NICKEL ALLOY 


STEELS: Detailed drawings and 
tables that will assist the user of 
nickel alloy steels in determining the 
most economical and atisfactory 
combination of microstructure, tool 
forn et are given in. bulletin 
available from International Nicke 


Co., Ine 


36—SPECIMEN POLISHING: A 4 
page folder describes the 
of diamond abrasive for 


advantage 


poli 


hing 


netallurgical pecimens Diamet- 


different 


7—MICROSCOPE THEORY: A nor 


mat } 
athe atical 


exposition of how a 


ict ope Works ith sore notes 
yn conditions which influence optical 
performance available in limited 
quantities from Bausch & Lomb Op 
te Cc Objectives, evepleces, con 
lense! filters, and types of illumi 
ition are treated in a nontechnical 
inne 


Bulletin ts 


AUSTIC SODA: 


rT by Pe jivania Salt Mfg. Co 
provides references for particular 
probler n purchasing, handling 
ind storage, equipment design and 
technical data Detailed instruction 
for teaming and unloading 50 and 
ren 


39——HEAT PROCESSING: Pa 
ivailable from Selas Corp. o 
the increasing 
in heat processing 


mphlet 


‘ 


now 
{merica 


ed for precision 


emphasize 


Principles of heat application to a 
wide variety of solid and fluid prod 
ucts are illustrated and described 


10—MAINTENANCE GUIDE: A new 


manual for electric heat treating 
furnaces is now obtained from He 
Duty Electric Co. A check sheet 1 


included to 


chedule 


prolong furr 


simplify maintenance 
breakdowns and 


reduce 


41—RADIOACTIVITY CATALOG: 


Catalog containing sections on scal- 
ers and accessories, amplifiers, Gei- 
ger-Mueller tube and accessori« 

ay be had from Tracerlab. Illu 
trations and specifications of all in 
trument ire given 
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ing or sandblasting It seals Hypre ffered in thre =! 
transfe lesigned for application t rusted surface i! retards furthe particle sizes, all in 5 g and 18 g ; 
, lide rules, T-squares, drawing boards isting action gun applicators Buehler Ltd 
nd other mechanical drawing equiy 
4 tact 
Anchorite 
ful appheations are included 7 
fe: 
& expla how iximun 
hardness and strength of aircraft 
machine  - 
ing. annealing 
mass or batch 
Life 
“a 
‘ 
cutting fluid 
| 
of sub-zero chill 1 2 3 4 5 6 7 8 9 10 y 
i allov 7 
and all are given | 12 13 14 15 16 17 18 19 20 a 
21 22 23 24 25 26 27 28 29 30 s 
31 32 33 34 35 36 37 38 39 40 4 
4] 
31—ANTI-RUST PAINT: New ap ‘, 
plication bulletin, descriptive of 
Rust-Cure, anti-rust paint, has been 7 
issued by the Monroe Co., Inc Ac- 7 
ording to the manufacturer. the 
paint can be applied on rusted sur- . 


Takes over 


A) 6.4 Booster Pump. 


ut torepressures as high as 


nim 


handlog large amounts of gas 10 
for evaporators turnmaces, and 
uber vase systems requiring 


high apace thes range 


(8) Purifying Diffusion Pump. 
liters per second trom 10 to 10 
some ()perates against torepres 
Blank off 


‘ es as brah as OF 400 mm 


(C) Ges Free High Purity Metals. Copper 
he obalt and Special melts on 


request Togot weights up to G00 pounds 


(0) Aiphetron” Vacuum Gauge. Accurate 
tron mn to A 
rugged metal type iostrument 
whieh can be adapted tor recording, con 


trolliog, gas and leak detectior 


(f) B-1 Booster Pump. \ small pump cde 


signed tor rotary exhaust equipment used 
minature and sabe ature tube pro 
duction. Usetul where a small pus 
required to quickly obtain pressures in 


the region of one micron 
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“National 
Research 


of is 


(F) Type 710 Ther 
Geuge Control. (ine instrument tor sc 
entice and industrial vacuum gauging 
Incorporates two thermocouple gauges 
1 L000 microns) and one romization 
gauge (10 mm. to 10° mm Hg 
range) im one control Automatic input 
regulation and protective circuit 


(G) Stenderd Vacuum Furnace. versa- 
tle packaged unit to melt, pour, heat 
treat, degas, sinter, and anneal under 
high vacuum or controlled atmospheres 
lemperatures up to 2000 ¢ 


4) Vecuum Seels. bor introducing mo- 
Hon, power, or Connecting gauges 


(1) High Vecuum Valves. Available in sizes 
1, to 1G. Low rate of leak 


(J) Vecuum Fusion Gas Analyzer. Analyzes 
metals and alloys, including titanium, for 
combined or dissolved oxygen, nitrogen, 
and hydrogen 


(K) Type 701 Thermocouple Gauge 
Control. A light, portable instrument for 
vacuum testing in range | — 1000 mui- 
crons. Compact and rugged 


F 
E 
| ia 
j 
} 
| 
| 
Te 
- 
| 
A 
> 
A 
\ 
: 


(L) H-16-P Purifying Diffusion Pump. 
Over 10,000 CFM in 10° range. Suit- 
able for cyclotrons, commercial coating 
units, and other equipment demanding 
high pumping speed. 


(M) Evaporators. Standard models from 
laboratory unit to high capacity tank 
type units. 


*Reg. U.S. Pat. OF 


with a COMPLETE LINE of 


HIGH VACUUM EQUIPMENT 


You may be using one or two of our products 
without realizing that at this one source you 
have available such a full line of high vacuum 
equipment 

You will find a unique quality in most of these 
products. They were created to “ideal” speci- 
fications drawn up by manufacturers who, in 
many cases, never dreamed we could fulfill their 
exacting requirements. The products are meet- 
ing these requirements day after day on pro- 
duction lines. 

Let us supply all your high vacuum equip- 
ment needs. You will gain the benefits of a 
single source of supply plus the high standards 
of performance designed into National Re- 
search products. Write us for further details. 
National Research Corporation, Memorial 
Drive, Cambridge, Mass. 


- 


PROCESS OPMENT 
HIGH VACUUM ERG 


National Research 
Corporation 


Seventy Memortal Drive, Cambridge, Massachusetts 


ORATION 
APPLIED PHYSICS 
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FOUR TASIL LINED TREADWELL LADLES 
Set NEW TONNAGE RECORD in Pittsburgh District! 


To keep a ready supply of hot metal available 


“BALANCE” your linings with TASIL $ 


TAYLOR SILLIMANITE (TASIL) Bric 


RESULTS OF RECENT TEST Pittsburgh District tend the service lite of Treadwell, C : 


LINING AVERAGE TONNAGE 

BEFORE RELINED 

Blast furnace Quality fire Bruck 3$.000 te 60.000 Tons 
Super Duty Fire Brack 138.166 Tons 
Bolomed Super Duty Brick 168.305 Tons 


TASIL “BALANCED” TREADWELL LADLE LINING 


(_} - TASH Brick and Cement 


Exclusive Agents in Conedo CH AS. TAYLOR SONS Co 


AN PPLIES, LT 
A SUBSIDIARY OF NATIONAL LEAD COMPANY 


Hemilten and Montreal 


REFRACTORIES SINCE 1864 + CINCINNATI OHIO USA 
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i 
snd Cement ex 
ng, and simular 
: n used to rein 
force or balance ritical areas (see sketch) TASIL 
brick will not shrink or vitrfly at service temperatures 
fougt they withstand the washing action of moiter 
TASIL N 301 Air-Setting or N 302 Heat-Setting 
* Average of 4 linings ‘ement makes permanent weld-like joints and re 
tard int erosion Used successfully with TASII 
: eC bonded mullite or super-duty brick linings 
re In the above test, four TASIL “balanced ladles car 
is ried 17 tons SK tons 7G ¢ and 165 427 
tons respectively The average tonnage was 21-4 
RE g han that super-duty Drick iining 
| TASIL brick projected |! beyond adjoining super 
= uty fire Drick when cars were taken out for re-lining 
| ay = Keep your ladies and hot meta! mixers working 
\ reduce masonry and refractory costs, keep hot meta 
wr 1vailable at the Open-Hearth—use TASIL Bnck and 
ement t balance’ your linings Bulletir 14 and 
Halt s¢ ente ‘ jive complete data Write for your copies 


executed by 
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York February 18 to 21 i 
Famous Small Towns 
reau recently eleased 
ttowr n the cour 
and Mercur, Utah 
ne, tw and three 


our read 
Gate 
r 50,000 
could 


tuated. If there 3 
they 
neering 
Irritating Our Best Friends The Difference 
lations between the USA a! cng of Russia, we lke the ory related 
i armed conflict between tl , t for AIME mer ; 
was inv 
ountrie n 
wer 
See} 
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In late November and early December ! lerable t t that jeveloped in the United States over .: 
| tion of our t ‘ te ted t btaini it rie Ame an foreign pol They are afraid that we are ; 
‘ Institute headquarte1 The } t nu t ira the nt i wal \ second reason for 
eatir ict tion wa iggested u 449 im the Ca nti-Americanist that ir differences at 
er f the Johr In that vear A ‘ naer ne fore n conhadence uw American lead 
ever, t Institute had a deficit of $72,000 so every effort ershiy In Canada we tend t et a picture of Amer 
i ide t expense At that t t of icatal cala tv and ineptitude, con 
the duties that nor ill vould be assumed t bu ceived by men of 1 wination and Ee men : 
re er ere ven to Newell Appleton wt be fr petence We et the mpression Him that 7 
é fice mar t convention manager, purchasing hat America think of then vn government, and 
gent, and tant to the secretat So inv respor t hard ry ng that e of use conclude that - 
bilitie ere | that he could not devote the nece Americar ight to know 
t et of the uw things that needed atter Profe onall howevel among mining men cer »* 
tion H.H. Va epresenting a firm that ide a stud tain] itual respect and « fidence are complete and on 
f Institute head office procedures ear last fall, mace the nternational boundary innoticed Americans ; ‘ 
re endat n that i Dusine manager and wr to the ant titiit 
tside the present organization” be ol n Ottawa Janu 
tained, wt iid ipervise the work f account eceived it tl 
grag pul ng t and irn ‘ come equall 
filus ind uling depts. He further re ended that I will be wit 
M: Appleton be made administrative secreta t 
which 4 tion he would act as head of ar Institute 
Activities Dept.” He ild devote | time to conver The Census | 
tion planning ecting arrangement travel ace what it id we 
latior embershiy ntrol and promotion, and put t Dougla \ 
relatior nd would a t the Secretar t per vit! populat 
proble Thus, Mr. Appleton retau e of | for nhabitants. In \ 
mer responsibilities and will take e of the 1 off to have become 
ir sl fers in the conduct of affairs at Institute head ind counted tl 
juarter rhe rest ft former K Will be im the people there. T 
pl nee of the newly created “Busine Office Dept niirne to the 1 
Peter J. Apol t} in finally selected for the 1 t Bell, the New D 
f busine manage He oung iu f 32 native mine made Me 
Michigander and a graduate of the University of Mict Ophir is equ 
gan where he received a B.S. degree in busine i Its only inhabit 
nistration in 1940. He then spent three vears in the there in 1898. W 
Nav i the ink I iter int ! the U N i te i 
Reserve Three ‘ eal ere pent in the U. S Silver Bells Mur 
Marit e Service chief purser, and another vear a The name f 
hief { ter f the Pope & Talbot Ste ! ning men, but 
The past four vears have been spent as head of the wt in on to co - 
Greenland Construction C Greenland, N. H., chiefl ire unkr nto us. We wonder how ar _ 
er wed in building constructior e! in tell u ist where Lakewood and S 
Mr: Apol will endeavor t nerease the efficienc if ive for instance. They are both big citi 
Institute headg t 
ble sees 
‘ 
epartment 
i ners i 
Though re 
entire frier 
ntrie 
Vocls 
Clut iaier 
he i that 
n the Korean ir in particula The rea! reasor ‘ ouple of aut bile it front, they asked wh vned : 
ud that there a limit to the force that vou car those Oh, those belong to the director they were as 
t e without conscriptior ind Canada doe not nave told. Later \ ting a factor n th country the 
nscription. If Canada were in danger he indicated nquired as t t vnership, and were informed it wa 7 
that ptior ild probat be instituted. Ti wned t ipitalist And what about those hundred 
t eu ne pr f cars parked outside Those are all owned by the 7 
On the other ind, Canada patient with the vorker : 
| 7 
— =. 


In world’s largest enternal combustion engine plant, operated by 
low 
tee every pound produced requires 
power, Nickel alley « 
ver 5.000 
“ime manutactured by Nordberg Mig. Co. 


ential for producing aluminum 
shout 10 kilowatt hours of 


it tron crankshalt, weighing 


ot power i 


embly, used in gas burning radial 


Milwaukee, Wise. 


with gear trama 


200,000 HORSEPOWER 


24 hours per day 
on NICKEL CAST IRON CRANKSHAFTS 


ive some of the 120 Nordberg radial engines with 

cal crankshaft. of miekel cast tron which provicde 

cost power at the Pout Comfort Reduction Works 

of the Company of Amertea, Port Lavaca, 


Texas 


strength michel allow iron is used mot only for 
these crankshaft. but alse for the evlinder blocks. In 
many hichly stressed parts of these binder 
ire made from heat treated nickel allow <teels 


Powered by natural ws from nearby freld<. thes« 


Nordberg units demonstrate how orchkel alloved tran. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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ind steels help to cut bulk and deadweight, and to 
render further economies by minimizing wear and 


At the present time the National Production Au- 
thority limits the applications for which nic kel and its 
illov< may be used. However, we shall continue to issue 
information on user experience with nickel-containing 
materials as we believe that dissemination of technical 


data and serviee experience can help to promote the 


67 WALL STREET 
NEW YORK 5, N.Y. 


intelligent utilization of eritieal ma- 


terials, so essential in these times.: 
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Sponge iron metlocs are egeain coming up for their perennial discussion among 
Government ard industry officiels. The shortuge of scrap hes sent steel 
Producers scampering for new sources of metallics and as in the past, 

Sponge iron is the No. ] choice. West coast industriclists are intrigued 

by the possibilities. As fer as known, none of the steel companies ig 

yet conterplating producing sponge iron. At least one febricator is con- 
sidering direct reduction and continuous casting as a means of circumventing 
steel shorteges. 


Some months ago Cerro de Pasco announced it would build at its Peru smelter the 
first commerciel Sterling electric arc furnace for smelting zinc concentrates. 
New Jersey Zinc Co., who developed the process, for several months has hed in 
operation at its Palmerton plent a full scale furnace for development work. 

Also, New Jersey Zinc Co. has in en edvanced stage of development a fluid 

bed roasting process for treating zinc concentrates. 


of the largest continuous annealing end pickling plants in the brass 
industry was placed in operation recently by Chase Brass & Copper Co. at 
Waterbury, Conn. The unit will process 140,000 lb of brass per day. It 
will accommodete material <5 in. wide and thicknesses up to 0.040 in. It 
will operate on a 24-hr dey basis. 


Paulo, Erazil will have a steel plant "equal to that of Volta Redonda” 
according to the Governor of thst Brazilian state. The works will probebly 
be built outside the port of Santos and will be financed by privete enter- 

prise and the state. 


Companhia Brasileirs de Alumino will build a second aluminum reduction plant 
at Sao Paulo to produce an initial 7000 tons of metal a year. The bulk of 
the machinery will be bought in western Germeny end Italy. 


Mullins Mfg. Corp. will spend more than $1 million in enlerging and equipping 
its Liberty plant near Warren, Ohio, for cold extrusion of military shells. 
Heinz Mfg. Co. in Philedelphia has completed a new extrusion plant end is 

in production on a series of militery shell contracts. 


Nichols Iron & Cable Co., Davenport, Iowa is installing a new Properzi continuous 
casting machine for casting aluminum rod. The machine will have a capacity 

of 1 ton of rod an hr and the complete unit including a standard heating 
furnace, the casting machine, and 6 rolling mill with all control equip- 

ment will cost about $150,000. 


Standerdization of engines and parts is paying off for Army Ordnance. In 
contrest to World Wer II practice of using six to ten different engines 
for the same tenk, present design permits four engines to be used in 1l 
different vehicles. Sixty percent of the 2000 perts in these four engines 
are interchangeable. In the Walker Bulldog family, 11 vehicles, more than 

60 mechine components including engines, generators, ignition, aud suspen- 

sion systems sre interchangeable. 


A new million doller plant for producing ferromanganese, ferrosilicon, and 
ferroalloys will be built by #. K. Ferguson Co. for the newly formed 


Tenn-Tex Alloy & Chemicel Corp. on the Houston Ship Channel. The plent 


will have three electric furnaces and will produce about 2000 tons of 
ferroalloys a month. 
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WALTER CRAFTS is Chet Metallurgist, Union Carbide & Carbon 
Research Loboratores, Inc , Niagara Falls N and H P RASS 
BACH 1s Metallurgical Engineer, Development Dept, Electro Metal 
lurgical Co, a division of Union Carbide G Carbon Corp, Chicago 
This paper was presented at the Electric Furnace Steel Conterence 
Pittsburgh Dec 6 to 8 1951 
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Fig Intleence of carbon content on the nitric acid corrosion re 
estance of 18-8 sensitized 2 hr at 1200 F Solid ports denote 
averages of less than 48 hr boils 
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tent nd econor bent int tunda 
furr meltir 
‘ ba ele i ‘ 
‘ ‘ ised it jucit carbo! 
' ‘ eviews present-day trends in melting 
‘ ‘ bor tuinle tee While a detailed 
thre rit ‘ 1 ‘ tance f 18-8 
tized { at 1200 F \These jata demon- 
samen ¢ ensitizatior ind that accurate 
‘ with hon content inde oo ct wa 
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bor i have ippeared impractical Witt 
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Fig. 2—E€ssential relations among 
carbon, chromium, and temperature 
under oxidizing conditions 


100 200 300 500 


Cent Chromium 


objective in the 


t; and the 
ponding 


the 


reve 
carbor 
| hea 
orre 
controlling 
f temperature 


‘ 
been rec 


max 


that 
ra- 


ife furnace ope 
with 


by 


oxidation 


Thu a hig 


advent of ni 
I i a low ci 


have been given reat deal 
carbon, chromium 
ndition were 


among 
oxidizing 
trated in 


1948. and illu 


alized 


JANUARY 1952, JOURNAL OF METALS 2) 


ra 
» 
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1930. remelting of revert stainle crap increased lag proce Necessary reducing and alloying addi- — 
the carbon content above the specification so that tions were made when oxidation was completed a 
t tainie teel W made with \ gin cna ‘ Althoug! iitable xidation practice and low 
t the additior f low carbon fe chromium. Late carbon ferrochromium have been available for a : 
crap Wa itiiized Dv the time cor iming ot bor time produci ow carbon tainle 
oxidizing a chromium-free bath to low carbon and from virgin charge itilizir tauinle teel scray ; 
then adding stainie crap to the bath has depended upon the econon ical lowering of the i 
The demand for larger tonnage f staink tee carbon content in a charge containing a substantial sf 
increased sharply between 1930 and 1940, and pro- amount of chromium. The introduction of oxygen a 
duct accumulated sizable stocks of stainle cral the primary oxidizing agent has made it practical ” 
During thi period, a tai degree of cet Wa ind economical to make grade ich as Type 104 * 
attained with a practice using 40 pct or n ‘ { with high proportions of stainle teel scrap in the ae 
taink tee! crap mn the charge for the pt ct Howeve inde current operating condi 
tion of the 0.12 pet max carbon tainle ten It lon lowering the carbon content of a chromiun “7 
was not, however enerally practical to use much steel bath to the level nece arv to make 0.034 pet a 
te 
iron ore or scale were added in the charge, were that are equall importa! and it ha nize ry] 
carbon elimination was difficult, heavy losse of that the best temperature ts the BaE@Mmum com- 
chromium occurred emoval of large volume of patible with economic maintenance of refractor < 
heavy ai wa labo ou recovery ot chron in The reactior with ONY en are tronglyv yothermt&€ 
from scrap was low, and long heat time adversely Consequently, high temperature is attained easil) . ; 
affected refractor ind must be maintained for a horter time +, 
of the e! 
for cart ‘ irbon 
quently has been adopted by most staini pro- level In addition, the volume of slag ! iznifi- 7 
duc Proper ut ration of oxygen ha esulted u cantly le at highe temperature Since these NJ 
nereased production, permitted large tainle factors are important in attaining low carbon con- : 
crap charge and contributed to increased chré tent and in the « nomic ut tion of stainle tee] i 
mium recovery trom scrap scrap, they * 
After the carbon elimination period, the ox dized The esser 
lags were treate 1 with variou reducing agent ind temper ‘3 
generally licon-bearing alloys, which resulted 1 developed by Hilt < y 
recovering some chromium, iron, and manganes¢ Ir While it must be reH that oxygen Input metal ” 
the tu lag proce the first slag was removed ana composition. and initial bath temperature can In = 
a new slag made. Sometimes the orig nal slag wa fluence the results obtained, these relations may be =: 
educed to tt ed nd al ved t en ised a guide n establishing econon calls 
n which case the practice was dt cribed as tne meiting | cedures f low carbon stainie 
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UCC Develops New Low 


The appreciation of the problems mvolved im the manutaoc 
ture of very low carbon stamless steels led to research tor 
mmproved alloying moterals A new terrochromium alloy was 
developed having an extremely low carbon content and ap 
proammately pct each of silicon and silica This new ma 
tersal to @ large extent has solved some of the major problems 
im the production of very low carbon steels The carbon con 
tent of the alloy 1s so low that under most operating conditions 
its addition will tend to dilute the carbon content of the bath 
rather than to increase it, and because of its silicon and silica 

atent, specific gravity, and its method of manufacture, if 
hos excellent solubility 

When using regular terrochromium. the alloy must be added 
gradually in several batches to prevent chilling onto the tur 

bottom in contrast, when using the new alloy on virgin 

¢ the 18.8 type where all of the chromum has come 

terrochromum, it has been possible to add all of the 

chromum to the both in one batch For example, im large 

heats complete solution of the alloy was accomplished in about 

he whereas a semilar addition of regular terrochrommum re 
quired 2 to 3 hr of longer 

The alloy ss prone to pick up nitrogen when exposed to ar 
at high temperature, so that it ts subject to nitriding by the 
turnace atmosphere betore it is dissolved im the steel For this 
reason additions should be made so that they are rapidly sub 
merged in the slag. and larger additions should be protected 
trom the atmosphere by a fusible slag blanket to avoid a high 
nitrogen content im the steel Additions of the alloy im several 
botches generally will lumit the opportunity tor high tempera 
ture exposure in most mstonces this procedure will require 
relatiwely little more tome than when all of the alloy ss added 
m a single dose 

Time savings as great as 25 pct have been realized through 
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Fig. 3 ‘left’ —Sum of the metal in the metallic oxdes im the slag 
at the end of the oxygen blow in relation to the final carbon content 


Fig. 4 above’ —Sum of the metal in the metallic oxides im the slag 


im relation to temperature 


Carbon Ferrochromium 


the use of this alloy with a single slag practice While the 
saving of heat time 1s an important cost factor, in melting 
the very low-carbon steels this factor 1s secondary to the 
control of carbon content While proper control of basicity ards 
in preventing carbon pickup, ‘ft ts reasonable to assume that 
the shorter heat time during alloying will be equally beneficial 
in avoiding increase of carbon Rapid solution of the ferro 
chromium addition also shortens the period during which the 
furnace is exposed to the corrosive action of a low basicity 
slag. Several other desirable characteristics of this material 
hove been realized in tonnage commercial production It has 
been noted that the susceptibility of carbon pickup trom 
direct contact with the arc appears less for this alloy than 
when using normal ferrochromum Also the alloy aids smooth 
operation in that it does not tuse or weld together im the 
melting process 

The normal analysis of this alloy, which 1s produced as 
walnut-sized pellets, is 62 to 66 pct chromium and 4 to 6 pct 
silicon, with extremely low carbon The silicon) chromium ratio 
in this alloy is well adapted to use im single slag practice tor 
control of slag reduction and silicon content of the bath For 
example, in large heats of extra low carbon 18.8, made with 
a chromium free scrap charge, the silicon combined in an 
addition of all of the chromium in the form of the new alloy 
resulted in adequate reduction of the slog formed during 
oxidation The residual silicon in the both after complete 
solution of the low carbon chrome pellets was generally about 
040 to 0.60 pct and the recovery of chromium above 90 pct 
Where chromium scrap was used in the charge, it was found 
that supplementary silicon may be required and can be added 
in the form of ferrosilicon or other silicon- bearing alloys to 
reach the desired degree of reduction This alloy hos been 


used effectively in basic, chromite, and acid lined furnaces 


two slag 


ind single lag practice In the twe lax practice 
removed and a 


ing ONIGIZING 


may may n be treated with reducing agents t 
ecove cn it m ele In the prt 
tice the xia ng lag i treated with reducing 
agents to obtain a fairly high recovery of oxidizable 
eu ents and is not removed from the bath When 
exce e volume becomes a factor, part of the slag 
er ved, I the ingle lag practice phosphoru 
“A not be eliminated to any large extent, and raw 
materials emploved should have a phosphorus con- 
tent within the required specification, Sulphur can 
be controlled within the standard AISI specifications 
In manufacturing low carbon stainle steels either 
f thesé practices may be used. In the two slag prac- 
tice ibstantial metallic losse may be experienced 
when there is partial reduction of metallic oxide 
from the lag } t lag removal. Uncertainty a 
to the weight of metal in the bath ha led some to 
the practice of tapping the turnacte and weighing 


antage of this practice 1 


action, metal samples wall 


the bath. Many hops do not 


epresent accurately 


have table mechanical! equipment to permit we igh 
ing and returning metal to the furnace, and in such 
cases heat weight variation may be a problem 

In the two slag practice, after the original slag 1 
removed and lag is being made, it 1 
po ble fe to exist temporarily 
inder the ares \ new slag is being melted 
These conditions can affect carbon control 

Im the nele slag practice, good metallic recovery 

practical when reduction procedures are adequate 
As there no slag removal period, heat time may 
be ived. and because the metal alway is covered 
by a slag there is ke opportunity for accidental 
exposure to carbon 

Oxides of chromium, iron, and manganese from 
the highly ox red slag formed as a result of 
oxygen decarburization of a stain teel bath, nor 
mal are reduced by 1 con uw form of ferre 
ilncon, fe chron heon, or ¢ r silhcon-bear 
ng alloy 2. with aluminum: or 3-—a combinatior 
f both. The extent to which ich practice may be 
empioved limited largelv by economit and phy 
cal fact 

Reduction of the metallic oxides with silicon ts a 
eve ble reaction that become more complete at 
lower temperature The intermediate product of 
the reaction, 510... 1 tabilized by lime © that chro- 
mium and iron are reduced more completely from a 


lime rich slag. Thus, as shown by Taylor, reduction 


of oxide in the lag is more effective in slags of 
elatively high basicity. For example, if a low bas 
ty lav containing a large amount of chromiun 
oxide is treated with silicon, there will be a partial 
eduction of ct ymium oxide and the ihheon content 
f the metal will be relatively high. However, 1f lime 
,dded to the partially reduced slag, the chromiun 
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he d that the re practical] i problem. Even with high chromium charges tha 
T} t f the nt f st rile il ‘ elatuuvely Vis¢ i ag 
fect nn ne 0.0 t mas nterfere unduly with decarburization. For the 0.03 ; 
that can be used effec ely 1 iking is 
t tall t i, therefore, appear to be pet max carbon grade if a viscou ak to be - 
i nt that n be introduced witt avoided at 3250 F, the max im ¢ mium content ; 
t it mas rY ify <i ‘ i VA 
f the initial charge should be in the neighborhood : 
‘ } ry “hot } 25 oct of the final oul 
At carbon leve ibove 0.05 pet, the amour pet cn Pha 
t ind witl ieous we ht may come fron tainles tecl scrap 
met x ead i ely 1 Ww 1 i 
oxvger don not present ar mpractical perating Are furnace stainie steel melting practices may a 
the metal. A further 
Ww 
‘ 


Reduction 


Keqaired tr 
per ten Recovers 


of Math Pet 


Table I! Carbon Content of Lime Silica Slags vs Basicity 


Lime-Silica Ratio 
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arbon Creep’ 


mium content of the charge so that the oxidizing slag 


luid at very low 


level 


carbon 


- ! du 
i serious problem, especially in basic lined fur 


— naces. Cas rom the electrodes tends to dissols 
Slog Basicity %Si0, ni Carbon from the el ‘ 


rin ibsequent working of the heat 


Fig 7—Relation between carbon pickup and basicity The le basic slags dissolve less carbon and exper! 
mental teel made indet low basicity lag have 
hown litt Under commercial cond) 


the 


con 


additio 


the 


opel 


Alt the oon tent found n these problen that 1 materially ag ravated by the lime 
cnet re not the idditior equired to attain a! asicity. In higher 
wos ntent of tne ag with the basicit o Une 0.05 pet carbon or higher results in the formation of 
co sered cant. At h temp ature i elatively maller lag olume presenting no ab 
cn as may 0 eached locally riche the a bast normal reduction problem If the reduction slag i 
nave been Obst ed to contain several percent h basic, a hi of chromium ts realized 


ge may be used more effec- 


tainless 


teel scrap appears to be facilitated by the use of a 


two char- 


rouble ag practices with additions of standard acteristi particularly useful in making very low 
0.03 pet max carbon f¢ ochromium ¢ ) pet silicon- carbor taint teel The carbon content of th 
ferrochromium pellets. Carbon analyses after the alloy o low that in most instances an addition will 
xvygen blow and in the final metal were compared ite ther than increase the carbon content of the 
t find the amount of carbon picked up duru ne teel bath. The high lubilitv of the material de 


the 


ibstan- 


crease he f carbon pickup by shortening 


for 


MeO Pet 
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0032 jegree as the temperature! arsed. Under cor 
it ! ‘ it ne i al fluid «it the total an int ot 
oo28 + + + + + + + 
| n, chromium, and manganese oxidized is not de- ; 
ooze} 4 4 LZ pendent on the chromium content of the charge, but 
| that the xXide chromium 
0 020 + + + +— + + + + + hanges. Except at relatively high temperatures, higt i 
oncentrations of chromium in the charge result 1 : 
0 + + + + + + + cou ab that greatly nerease the difficulty of 
| lecarburizing to verv iow ievel To avoid large slag 
T T T T T T T T \ irme and exc ive metal losse it appears de- 
ocoe | sirable in making 0.03 pet max carbon stainless steel 
+ + + + + + 
: XY to oxidize at a high temperature and adjust the chro- : 
| is relatively small in volume and 
° ert + + + + + + carbon contents : 
| 
A\fte te t tion t very low 
is is 6 ? 18 
bon fror ‘ i \ 
tions, the use of low basicity slags facilitates Mb 
‘ made on the effect of slag composition on the , ; a 
trol of carbon in making 0.03 pct max carbon stain- on 
le teel in basic lined furnace 
. Basicityv is a primary facto n the reduction of the 
‘ with 5 pet alumina to give fluidity, were melted - 
oxidizu iw. a high degree of basicity being essen 
oie tial to high-chromium recovery. Further, in 
1600 C fi )min. As shown in Table II, the carbor : 
to carbon pickup in very low carbon heat lay 
‘ | ni 
“ae 
! 
na 1-ton basic are furnace demonstrated the effect highe | portion in the t her carbor ice = 
of } t These heats were made no eithe nole 
] ] : 
the pi ip of I igl wt th asic- = 
ICK of carbon wa negligible wher he basi alloving period and it offers opportunity = a * 
CaO Pet nl tial savings in heat time ae 
also in these heats that the silicon content need not 4 
adept Elect: Metallu ical 
be limited to avoid carbon cree} 
D C. Buck, J. J. H F. J. Ph ps, and B. R : 
carbor tainle te have HE letermined witl ‘ il Technical Publication 293, ASTM 1950), pp | 
ifficient accuracy to indicate the major trends. Al- of | 
the Eni D.C. Hilty. Relation Between Chromium and Cal 
Stee 
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\ rir the 
thie t 12 tor bean il ne 
R f the d t top and bolted 
; t ‘ if i i ‘ 
ager beotton nt forced shut \ 
f brick nstalled around the itside 
| f 1 har neludit the ea course 
thie ‘ j trv 
' ed ete Fig |—Door under inside of the slag po 
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n. The Trax 
» the closed posi 
talled The 
capped 


and 

862 heats with 
ipporting cast 

he door Thi 
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Fig 3—The same door «s shown at the end of the 
paign 862 heats without repo 


iT ome 
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ay i “ 1 
shows the doc nit used position The two outside ipporting cables are the 
thre ipport cables clear the back stand and crane transfe the load to them ble ‘nla 
tie into the uppe furnace structure rurnbuckle then secured and adjusted to ca of ae 
make certain that each cable carries a proportionate the weight a 
t of the weight The actual liftu ind securing of the 
In th particu plant, the w pocket leve take three men about 5 muir 
ibout 5 ft below the pit level ect tatu a ping then clear out the pocket in about 30 mir te 
my} fo cleanout Rathe thar i anew ram The closit operation mply t 
each time concrete te were nstalied and ther fulse wall of old checker brick bu - 
capped f! with an old bottom pour casting at pit the bottom of the door t about a 
eve rh cove most of the ramp and cuts dowr cavato ised to push the door int 
the amount of fill tior and bolts holding t shut a at 
At the end of a campaign the doors are kept closed foo then sealed from the out a 
f bout 12} Open for cleanout lone in the brick and chrome ore at the ct or 
f wir manne (1) Bottom pou abs are re off with about 1 in. of Plastic Insulat = 
moved and mi cleared of all det by Trax k hows the same door sho <F 
ved and ‘ i i 
cavate ”) Bolts holding bottom of doo nm posi- 2 at the end of the xth campatler j me 
tior e burned off, which allows door to swing oper it repair’ The bottom edge of tt a 
mproxnimatelsy oir it the botton In the event rar from the outer face 
that the not wor out bs tself. a tu floor ind it mute have beer 
the 7 xcavatt free t quickls (3) A cabk nee February 1950, without re; 
fastened to the ftinge lu n the center f the do« 1200 heat Where pace permit 1a 
nd tied to the pit crane (4) The pit crane raise could be de hinged or, if des: ii a: ae 
the d t i; positior htl bove horizonta The plete and stored unt equired gale 
With top hinged do« ry tive ipport hinged to t! 
the furnace buckstay ind shaped like the triangu- a 
mall apartments could be emploved. On wide slag 7 
pocket 1 do t wide enough to permit the easy 
4 ige of could be ised Anothe! 
variation would be the top-hinged or side-hinged 
to tarting about 6 ft above the slag pocket pav- 
4 \ fit overhead trolley milar to that used 
or ive doo might be appleable case 
to cut cost nan area where killed and un- 
ed lab at a premium. While the initial 
cost high, the overall cost favorable. This 1 
borne out by the fact that the initial installation ha 
The wu out emovable ection could be ay 
edt ther portior f the open hearth furnace ; 
‘ 


JOURNAL 


met 


ALS 


GENTARO 
Meta 


JANUARY 


mat 


urg 


3! 


are 


Laboratory 


me 


Ky 


fo 


SILVER 


Fig 


2—Results of bend test on silver powder 


Plot of density vs sintering temperature tor hot pressed 


granular silver powder compacts 
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PRESSING 
POWDER 


compacts prepored under various conditions 
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Thermal 
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each 


obtained after about 
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the particles adhered to ther to forn 
ve body. This latter } t ‘ nds to th t : 
emperature the tl 1 inge of rite 
- 
The tap densit 
e spherical powaks greats 
an i thie ila shict meal that nm the 
‘ t ‘ il ‘ nere aust cur ‘ 
sponding to the second 
‘ curve for the 
pherical powde is compared to that f the 
the wran- 
ilar powder; rather, the increase continuous. This ee 
ndicates that for tl 
att the granular powade im the econd 
ryit ? 
emperature ange, the bridge begin to break down a 
appreciable deformation 
ot 
of 4 
er 
tures 
eg. about 500 C. because of th 
of the lack of mechanical 
but vary with th tie 
nve igated by means of a teat 
ders whose diamete aried successively from 1 
ee mall, and when the first crack in the all 
came visible to the naked eve, U rvat 
neutral fiber of the specimen was ! 
photograph of a group of silver powder compact 
ferent conditions, and subjected to this test 
Ir e case of cold pressed and 
n the case of the hot pressed specimen, the proj 
erties take a fairly long time to be saturated, but tl 
values are much higher t! in th | 
har cold pressed and 
ibsequently sintered specimen. A pressure of 57 psi 
aS gave better properties than a pressure of 28 psi with me 
“ properties taking a shorter time to be saturated ei 
q Fig 3—Properties worthwhile to investigate further the 
juestion wh ifter 2 the density 1 iturated 
irate> 
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Typical impregna 
tron unit consisting of 
chamber at left with shelves 
» racks for smail castings 
mpregnant storage tank 
center, condenser and Mi 
crovac pump at right 


‘ wher 
Howeve! 


impregnating Materials 


rate il ire Une 


Large vacuum impregnation 
units are often set below 
tloor level so work can be 
handled casily at top of 
tank Large pieces are 
lowered ito the vacuum 
chamber by char 
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t 
‘ 
| 
wavs 1 ble that machinir ma incove it Ter the k that particle 4 filter out of solution ee 
nor lefect vhich w 1 be ind t ige mu opic pore late to be ruptured 
rected 1 mpregnatior nd would not be inde wear and unseal a cay iy duct. Soediun ear 
‘ ed bv mal wea St one t Car cute tselt nk on baking eactive with 
rrit nent ‘ me met nad omewhat abrasive o that ib- 
mpregnat m hef machinit on castil irfaes ‘ jue may ire bearing 
The ior impregnated afte t has exceptional dielectric properties and toler 
nf mit th the ‘ ite inuUsually h temperature and pre ure 
nac} conformity with i i aa 
tice Yet there i strong trend toward resin-styrene 
} to Tri The ‘ mil im ] 
tor These ire givetl nt orical orade pe ) itt i i ( } i al ail P 
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cate tune. without met Re resis coml Stvrens 
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wcurate descriptor nee the are usu OO Western Sealant PE-I (pure resin), and certain 
} na rot wile ‘ Bakelte re ire example of these combination 
eat — nd do not exhibit the Browniat These are thermosetting compounds, varied in proy i 
movement of true « i Metal powder fille Ise ertie ind in the medence nd type of volatile and ‘a 
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— 
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Heats of Formation of Sodium-Tin Alloys Determined With A 


New High Temperature Calorimeter 


A high temperature calorimeter designed for use up to 1500°K is 
described and the theory of its operation presented. This calorimeter was 
used to measure the heats of formation of Na-Sn alloys ranging in com 
position from tin to Na Sn. The values tend to support those reported by 

Kubaschewski and Seith 
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cu or of the col 
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NE met} «shyt thie» bre tof forn fron of ‘ 
a iu na he temperature nvolved BBU WK would 
an alle to measure the heat of mixing of the idequately test the operation of the calorimete _ 
elements at high temperature. The principal advar Further, the data reported in the terature for the : 
tage of th method that the desired quantity 1 various alloys of sodium and tin differ markedly, and 
me ired direct n convent nal room ten t wa noped that thi nvest tior Would to 
perature methods the difference of the heats of ix the values of the heats of formation in tt vstem ‘, 
it the ‘ if 1 the im a litable 
olvent are measured. A method of improving th Se : 
the high measurement \ detailed dis) siderations in 
when the pre« ’ f the measurement wre volved in the calorimeter design is given by Me ee 
than that of the heat capacity values for the clk Kisson and Bromiley ind a brief summary follow a 
ment to add « component at om temperature Fig. 1 shows a sectional view of the calorimete oa 
tn the atta t the high temperature. so that part of Phe inne iphite chambe maintained at con- Ps 
the heat of reactior 1 pated in heating the cold tant temperature by mear tthe circulating molten an 
component to the high temperature. Thus, only a tin bath in which it ibmerged, The tin is cor 
esult of } her pres on obtained. The limitatior thermostat whose heat capacit about 7000 cal s 
f the } h temperature technique are that volatile pe _ be The main heatir element cor t ofa Z ‘ 
ter cannot be studied, and that many alloy machined graphite spiral with a room temperature ‘ 
melt at temneratures higher than those at which th esistance of about '2 ohm. These parts are separated 
i metric apy tus operat ead Neverthe trom the powdered carbon external insulation by q 
‘ i ¢ met me tir it 1500 K w ild be the cage i¢ narica iphite chambe Phe electri i 
sseful in invest ting manv of the lower melting cal insulate and separators, the au iy héater “ 
illo. ystems and the vy meltir mixed oxide s\ pool, and the loading tube re ire made of n- 7 
ten \ unit designed f these applicatior Va ered alumina. Lhe n va ‘ he sample st 
built and te bed here er, the meit thermocouple well, and the power lead : 
The Na-Sr vstem was chosen for investigation ire made of molybdenun The auxihary heater } : 
vound with molybdenum wire and se ve to com 7 
the loadi tubs 
nthe high tempera 
Vill withstand at 
nN rhe external cor 
powder a coppel 
are soldered t 
> 


Derivation and Application of Equations 


High temper 


Fig 2—Sample dispenser unit 
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TRANSACTIONS AIME 


nN 
R) n be calculated a 
: 
ithe ystem can be analvzed by means of heat tral : 
+—+ $+-+—-4 fer correlations given by McAdan and the ratio 4 
| | | calculated within pet The esults of ich an 
P t nare given by McK These value are ised 
| t mn estimating R nee | know? nee Rat 
4 ~—< epresent niv a correction tern neq The prot 
em, ther to obtain the best value for I - 
When no heat Dew th ited im the Vsten the 
1 expre on relating the heat, Q. to the heat capacity ' 
f the vsten iW ( t nd when tu com 
40 bined with the expre on for in terms of time, @ 
Fig 3 vs. curve 
+} Seaton. Raltsmans mir en 
‘ i cal } i = 
‘ nee f ther ne th 
K 1. the area of crucible system for radiative ce sl ) ing 
‘ t ‘ and ingu 
heat transfe A, the area of crucible systen i eu 
convective heat transfe «, the effective 
er vitv of the crucible T, the temperature of [10] 
nN t. the tempe iture cuy ul NS 
10 rite ible, vielding 
rm be « anded im tern fat +) a 
12} 
i (R/P)AT 
pet Ther ibstitutu the tu torn oft « 
nt eq Eq 12 indicate the elation between and AT ft 
1 AT the vsterm when no reaction is occurring By plot 
(trae 1) oi sf } # for the of 
ting In (AT/[1 ) fe he aac rot 
In « the Stefan-Boltzmann constant, «, is a cor in inert material, a straight lne is obtained whose 
tant fe conditior The en vit fun 
f 7 but can be jered constant during a i 
i rhe effective area f idiative heat transfer | 
nd the effective are convective heat trar A 
ht melt temps ture T. and AT. but the depend 
ence ns mia because of the ma Variat ty 1} 
f these quantiti the can be cor lered to be | set 
nstant ndividual additior | 
| 
/ 
substituting eq and eq In eq | a 
Y 
| | 
Eq ¢ ves an expre n which relates the rate ¢ } i\/—AREA I uy 
heat t mste from the « icible to the temperature 
r 
iifference betwee tre icible ind the Cavity | 
+) iwh the quantities | nd R. Since q | 
net time will give an area which i 
Suct plot n nstructed if P and R are 
known. The ratio of P to R can be written, using eq ‘ : 
and eq 


| 


| 0.183 min 
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at the ve e tempe 
\ t f the inert materia ided 
te th f the lr ymv/[l (R/P) 
‘ ‘ m ea ni t i the resp 
14] 
v? t (Fis ») 
Sow nce e 
ont time. @ be found f 
na the ‘ } 0) equa 
to th cots ea between the extrat ited curve and 
t ntent na the ne ma 
| Phe time # esponds t (AT) 
tt ! plot 4). In wall be 
t The cedure f er ) unalog i 
th 9 except that mn 5 it imed 
i 1 hie i ‘ ‘ ‘ j 
| | 
-200+ | 
| 
| 
| 
L | 
| | 
| 2 | | 
> | 
x | | 
curve 
-600r 
L Y | 
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j 
| 
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- 
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Heat of formation and phase diagram tor Na Sn alloys 
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j ‘ it ‘ i4 
At 
{ 
particu adadit cut be effected 4 Ave o ot « 
be i ere are ite A 
effect iffect \r nitial pou can be ‘ i 
obtained i piece of the melt metal to the / 
‘ by le cont mir +} met he pont 
ietermined, the pl itions to the equatior 
| 
4 
| 
> } 
‘ id The ntity O the heat effect 
i Reactant) + (Hot A ) > (Hot A | 
| 
| 
Z 2 
analvt reagent sodium in a dry-bowr The tin 2 
tock w obtained from the American Smelti na ig ? 
Refining Co.; and from the Reynolds Metals ¢ and a 
smples were prepared by castit Spect apt equence vields a number of heats of formmmmm of " 
prey 
inal of the prepared sample ndicated purit tir ch all plus several direct measurements for | A 
of 999 pet for each component The « bration i nele composition In the determinations for the j 
imple vere tin (added to pure tin only) and odium-rict illoy the tep- Wise 1 i Hs 
molybdenum (added to alloy melts) could not be made, and only the measuq ae 
About 18 hr before startu measurement. the which the imple composition and the IX” 7! ae 
mole vere 1 ed in the ample chambe the tior were lentical were made The calcula- Zz, 
the d ed m ter vere mace i itlined above using the data 
perature nd the inert _ were introduced The of Kelley f the heat capacities of the element - 
re ement W tarted after the tem had beer Six i! vere completed, yielding 58 individual va 
it the ae ed ¢ ailit im temperature fo i mu measurement One entire in, cor ting of 11 ad A: 
ement prom ne ted of ditior liscarded because the turring Wa n 
the temneratures of the reactior melt. the idequate ind 7 othe widitions were discarded; 5 
chambe The mole was transferred to the d experimental erre Thus 40 additions were usable a 

Saal +} +} } ry 7 ned 40 individual me irement Of these 12 
pense ite ‘ ‘ i ow irnea i} ‘ 
nd a final check on the vere f the mposition NaSn, 6 for the composi 

oie tion N ind 4 fo the composition Na St 

carted when the sample was elected into th Phese three averages are plotted in Fig. 7 together 
melt nd temperature (emf) were ead on the with the other 1 esult rhe phase diagram shown . 
and peratu id 
precision potentiomets ‘ pidly as pe ble The below the irve of experimental results is taken : 
emf w led. t othe with the ce espondings m Hanse 
ri ‘ i was then compared with the Discussion 
’ ce of the temperature Vv time from the cor It w found that the heats found in the q \ ” ciate 
t ‘ en fer and if there w “a gap in the 45 plots f the ime reaction varied widely. For the a 
tentiomete luta, the rit ‘ ecorder tracit ‘ l2 d ct determinations of the composition NaSn . 
ised to } iy ipplement lat these slusc veraue 898 cal per mol with an av = 
Phe init melt was tin, and the first addition w ‘ e deviation of 267 cal per mol or 30 pet. Th 7 
pure ti to pre le al nitia jeterminatior ff ont exceed the maximun probable erro! 

and © Subsequent addit were sodium plus i 10 pet) estimated. Howeve for the four direct a 
tective f tin fe These were used determination f the composition NaSn, the q 

int the melt } 1 re hed one of the check point 4 plot value ave ‘ $8 cal pe mol with ar 

» lentic with that of the r of the jer of the estimated |] bauble erro 

melt Ther bdenun icte t The ¢ ise of the very arge average deviat 
provide a fin: letermination of P and ¢ rt ve cannot be positively determined, but one ; 
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Constitution 


of the System Gallium-Indium 


The constitution of the Ga-In system was determined by thermal 
methods. An experimentally determined metastable equilibrium line 
an extension of the indium-rich liquidus’ was obtained. The various 
alloys were studied metallographically using polished samples ob 
tained by a casting method. These low melting alloys required a 
special dry-ice assembly to maintain a suitable temperature 


Experimental Procedure 
tior f Ga-l 
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Accordingly, the 

20 C asymptotically 

of those phase 
temperature 

with a 

nersed directly in 
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ite, af plied 

etl lene 
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on potentio 
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rmometer 
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. 
ECENT interest u that are juid ut on transition points on the gallium side of the ZZ! +s 
temperature } it ther exter e invest could be determined only t meltir hie 
i 
atior f ‘ W ice fistributed \ ‘ ite method of thermal ana 
ver the « +} im could be produced it il ber t satisfactory and was used t ae 
tant ‘ lantitie thar t present Va is heating and cooling rats: 
f nt demand « ted One stud ! estat ! from 0.2 to 5.0 C per mu - 
hed its presence in 12 out of 14 zinc blend n all Low temperature melting analyse were con- 
n 4 out of 12 manganese ‘ jucted within a constant temperature bath, main 
) t {9 ! f 7 magnetit tuined at about <0 The alloy were olidified 
‘ It ( i nm minute it int now (unde wate paratiin) within a pyrex tube, 
eve ‘ fir t t he ? ctio cost Recent quot isif irv ice the tube was ther ealed within a cold a 
tor n from $2.59 to $7.50 pet Dewar flask, the unit transferred into the constant 7 
Duru the course the present vest thor temperature batt ind periodic temperature read o 
portior the te In have beer edete take! 
mined nd the results of tb tudy are presented The high temperature n a 
here Thern nd met ‘ phic methods have Lior and a cool cu e 
been emt ved mace na vertical tube f te 
Lecog de Boisbaudran, the discovere f i in com} tion the furnace 7 
conducted the first estigation’ on Ga-l: held at 
completion of meltu vere determined at fou ind permitted the deter 7 
comt tier Ir pant nse? const acted euter trar | i Ink below a 
t tvpe phase d m f the tem Ga-In, based remperature were me 5 
on Boisbaudrar york The existence of a Ga-lr on-constantan thermocou ; 
compound t fed mprobable t Hanser the a ro prevent cont aN 
nad ibsequent invest ‘ eoemetr ead i i ere 
‘ ‘ 
French, Saunde nd Ingle conducted a more 1 painting with a solu - 
complete stu f the svstem in 1938, using therma lichloride. Electromotive a 
method The phase d n 1 eutectic type made with a Leeds and Ne ~ 
ontaini i umigque concave-upward liquidu The mete type 6662 Phe 
{-solutior e of i ndiun va i nst the be point 
‘ thar pet. at the eutectic temperature The having Bureau of Standards certificate - 
by the compe ti } wi true he ontal at the the present nvest ition we 
eutectic temperature (16 C), w eported as 7f ‘ nd 156.1 C, in good ag J 
0.5 pet Ga and 24 05 pet reported values of 29.78 : 
The prepar: implified by 
the low melting pe nt nv ved Variou compo 
tior were prepare dbv meltu nt ex tube ISIME 
over of distilled water or paraffin to prevent the 7 
illo { m wettir the gla wal In all case the ; 
melts were homogenized by stirrir ; 
Where } Dit both cor and meitir curve 4 
vere determined. The extensive undercooli of 
illium was found to prohibit a satisfactory cooling- 
‘ 


TEMPERATURE 
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astitution diag 


Discussion of Results 


Metallography 


) 4 j t i 
; t t ip to 99 t! rt esult appe t 
+ eve thot the j + eutect te 
‘ j na > ised ft i ‘ extent 
' ‘ ‘ 
‘ ‘ 
thy 
ke +} The f 
ti<f dist ‘ 
' n } ‘ 
t ot in hict ricate il} i 
i ' cia. Vy ler 
‘ on the wv 
‘ — enc the entire 
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Pure gallium, unetched Fig 4 
Quenched 


76 pct Ga 24 pct In, un 
etched Quenched to 35 C 


Chemical Analysis Method 


thod 


the chemica i! 


be 
ad, the 
it may 


il eque4r t 


t NaOH, and 

j ad ou olve the 

Fig S70 pet Ga 30 pct In Fig 6—76 pct Ga 24 pct In, un Fig 
etched Quenchedto 25 C X60 


16 pct Ga 24 pct In, etched 
etched Quenched to 35 C 


Same orca as shown in Fig 6 XI110 
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nitroger the specimen throughout the entire epresenting the composition 90 pet Ga-10 pet In 7 
pe 1 of « minatior ht etchit in ch phase irrounded 
ete? ont let mined that the fine rye thy ir ch phase found to 
ch ni etchir na that the in A tvs ndiun oble hown in F cor 
phase ‘ etel The ted Ga-h tal elor ted iundiun ch particle (light) in 
eutect cor 24 pet In) w ibsequently timate i ciated with the eutectic (dark) 
contirmed ect. A 24 pet h mple, homoger ri tructure contains what appears to be a smaller 
ed and ed and eded mount eutectic that fictated the equilit 
woth it f the same compositiok im d n 1) mple preparation, the in 
Act cle t f the illiun ch structures ha temperature vered be the ndium-rich 
been found t bee the ‘ vit ‘ eoded iidu Vhereas the comy t ! the yuid af 
im at fu pid te and the parently tends t follow the metastable ime ~ 
acetor mixture ( Cc). « juid nit el cuted t the table portion of the d an eading 
19 Cp, the ill vere found to be ble te to the nomalou tructure 
the naked eye after etehu The liquid nitroget cn 
An unexpected result of the met aphie it tion As fis jeveloped, the analyst was able to ae 
parent ‘ with the in rvsta oth i, The +> thus prefe 
ce ‘ ‘ thy method f po bly nm the « ‘ e G | mixture to the 
(castil ) e compler ipfe na tannin method 
« presented in 2 Phe weighed Ga-l miple fissolved in nitric = 
through 7. Striatior e to be observed in F 2 1. To facilitate ition, st mounts of hydro a 
4 nd 6 Lhe pacit ipparent i function of chiore % in be added nd the acids n bes 
the temperature to which the alloys were quenched med ht After the lissols 
he vere pute lense peci mer yuid borled te emove ct le tt 
to low temperatures, whereas at higher quenching emain: these would otherwise cause sui! + 
listal 
| 
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: In t exent invest tion, piece f OFHC coppe 
tot ¢ thickne 0200 it These piece were 
tir te nnea f ] } at 
sd DUNN are a sted with General Electric ‘ a 
Pitest en and a 90 pet ¢ eduction 
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concluded 


(con 


poles of 6) crystals related to the cube texture 
by rotations about 100 axes 


irctes with long dash lines Component A 
Circles with shert dash lines mpenent i 


Circtes with selid lines te ent 


100! poles of 59 crystals related to the cube texture 
by rotation about a 
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on tions of the remaining 17 crystals may be described © 
tw trie at ar ti tior Seven ‘4 tal 
< n orientat f the forr (212) 47 are related 
to component C of F 1. Thev may be derived fron 
the cube texture t tation {54 about the ani 
Othe that were elated to component 
1 and ! { Fig l had the « entations (815) [lec] - 
and (574) [221] had these after a i = 
bout the norm: the Thev coul derived 
from the cube texture by a rotation of 54) about an 
of the tvpe Finalls there were a few 
crvsta in ientation to the preferred orienta- 
4 
, tion given in Fig. 2. These could be derived fron : 
the cube texture by a tation of 4 about a 23 F 
If the il texture had beet letermined by 
200! and ‘111! pole figure plots, as is done for fine- co 
uned materia t might wrongly be 
that there were me cube orientations present - 
‘ tribution from the 61 ¢ tals of Fig 1 or the 59 : 
ysta of Fig. 2 respect 
Regarding ientations f vood growth in a cube 
r text e mat x. the present re ilt how that there : 
és 
ee are several and that these require four different typ i 
ee) f axes to relate them to the cube texture e 
} tations obtarned represent a larger nun 
Specimens were lowered at a speed of cm per h Phe er 
i a high temperature gradient into a furnace 
ating j bye he re oO coppel 
Under these conditior growth of secondary gra 
ed at temperatures near 1050 C. The cold { ay - 
olled structure tallized at lowe tempera 
ture fco ¢ mat on ‘ir if abe 
mm diam and, a ling to X-ray and micre 
ip? tut had a st ! cube texture piu isma 7 
i ed icture 
prowthn of the arge grain twinning and | 
evel ope ite 1 twint il ed Twin ofter 
| + 
{ med na ame aut othe be 
curme a iit X-rav data were taken only of &. 
the ta ‘ those of lo mn te everal 
entimete lenyth 
Plot the ibe if the 137 ervstal 
vere made nd the texture determined Result -. 
howed that the texture ! ted of a numbe { a 
eferred ¢ tal orventation which could be n io 
plitied by combining those of the ame kind . 
| shows three kinds of preferred orientatior 
tod ry the le nd t the lette B ar 
In th ind in I 2 cireles of 10 adius are used to a 
how the harpme f each component of the tex ‘ 
ture Component A cor ts of 30 crvstals that are ber than have been reported by other investigator of 
‘ 
on { t} not but the e of in 
tad the he text tation of 21 The reason f h clea bu h 
00} mponent B contait D4 « dentatior hie presen work may tor pal 
t that correspond to a rotation of 18 about C.D ‘ the difference On the othe hand unificant dif . 
O10 new prefe ed onmentatior Con ference in texture regardle cause Im ther 
ponent C conta ta that correspond to a elve ndicate difference in the orventatior of 
14 itation about ther mal to the heet or [100 rai hat grow Cactive iclel) and, therefore a 
The three efe ed orientatior 1. B, and C, there ack of randor riented nuck n the cube texture ies 
tations of apt ximatel 19 matrix that become restricted to a limited number 
I t 100 ces of the cube texture and com) ‘ f active ones by a selective growth proce This 1 ¥ 
complete et ‘ ich ble orientatior Ir ott iv that selective ¢ pla no ynificant 
( tall phic tern 1. B. and C have the orier ole, It mear however, that one begins to expla " 
+} ilts obt ed in terms of a restricted numbet 
tatior (130) (130) 1310] ind (100) [01 ‘ a 
f av able nuclei 
espectivels The t t of these agree well with the —— és 
jata of Kront ind lsor 
a of K ert W O. Dahl and F. Paw Pecoh Met onde 1o3¢ 
fF 4 how 9 crvsta elated to the cube tex- 
iret Sverage a J. S. Bowle ind W. Boa J Inst. Metal he 
} ¢ ] 
f 28 ‘ t agres with the ) alue 194 35 p. 449 > 
reported by Bowles and Boa M L. Kronber Tr AIME 
Within the accuracy emploved so far, the orienta- 1949) 185. p. 591; Journat or Meta August 1949 ze! 
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Solidification Mechanism of Steel Ingots 


The solidification mechanism of experimental steel ingots 

7x7x20 in was studied by thermal analysis. It was deter 

mined that solidification proceeds in wave-like fashion at rates 

which are determined by the carbon level, superheat, and mold 

thickness. The thermal cycles of the mold walls were related 
to the course of solidification 
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hodiun 4 ‘ were 
Vire 28 ine rhe 

ied on a 16 point 
o 3000 F 

cet of fu cale and 
temperature were 
500 F seale 
iential temperat ‘ 
tat ! withir 

t there were not 

nstrument eading 


> 


Fig 2 


Thermocouple locations in ingot and mold 


ibtained from each thermocouple on 1 
The esponse characteristi of the the 
e bead in the quartz tube were studied by 


metal 


variable 


olidificatior Vere tudied ] mold ratio (rat 
the 

nal area of the steel ingot); 2—pouring 

ire and carbon content Specifically 


ture to drop consecutive steps of 5 F. It is esti- 
i that the accuracy of the liquidus and solidu 
mination Nia : F. The solidus in these ex- 
ment epresents a “technical solidu indicat- 
‘ enti olidit except for possible thin filrn 
terdendritic liquid metal, the lidification of 
cannot be determined thermally 
Temperature Distribution in Ingot and Mold 
a and a how thie temperature cvcl 


al 


rmoe- 


ud- 


tem- 


on 


of 


tem- 


the 


thicknesses of 1! 

ind 4's in., thus maki the mold ratios ap ‘ 
mately 1 to 1, 1 to 2, and 1 to 4. The ingots were 
iat three different temperatures (measured In 
idle with a Pt-Pt-Rh imme lon co iple ) which 
equ silent t iperheats of between 25 and 
The effects of these mold ratio and superheat 
tior were studied with steels of two nominal 
n contents: 0.08 and 0.60 pet C. The steels were 
d in a 1000 Ib induction furnace and 0.10 pet 
idded to the ladle as a final deoxidize: 


for 


in the 0.60 pet C 


ious location 


teel ingots 
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and 


} 
rt xin t t 200 pet 
nd pet Mr I prevent damage to the 3- 
the extending into the mold tv it wa 
I rhe ingates were ! ied in sand and the 
‘ 
ler ture vere mea ed at both the in- 
na ime t the midheight of the 
\ | grad 
ere essent eliminated and lification could 
jirection perpendicular to the vert | 
face Steel temperatures were Measured 
f Pt-Pt-R! ct) thermo iple enc|O ‘ ; 
n. OD, ID) quart tubs which 
completely t h the ingot and mold (Fig. 2) a 
‘ t nad t t distance fron a refer- ¥ 
, 
ence \ hot inct n were Immersed 
rin iple ‘ vere muinin ed he s in. OD 
jua a | 
th t} mon ‘ from the « ve action of the soul : 
ind even these ftened to some extent ana 
bowed ‘ it the buovant force of the " 
stew X exal nat n of sections contain- 
ng the tubs howed. however, that the deforma- fs 
t} t ‘ thal the beads maintained the 
t ent tl espect to the ntertace were 
ter ‘ ‘ n the ingot molds were measured evcle 
chrome imel couples flash welded cou} 
to the bott f holes which were den imme on into molten steel. Near 
i ' , dw to the de ed distance fron peratures were reached in approximately 5 sec, and | a 
‘ ‘ | 
nt Phese Vere paced n. apart full equalization was obtained in the er ing 10 se 
ng the vertical cent ne of one of the mold sut It was concluded accordingly that the response to fs 
temperature changes which occurred during solid- 
Intert ter ture vere measured on bot! ification was of the order of 10 sec a 
t} n i and hot meta le of the interface The The effect f the f wit three EZ = et 
‘ 
meal f a couple er ed in a quartz tube which t — 7 
met the mine irface and extended 
+} h the t iin the same manner as the othe " = +e 
in howevet a pro- 
thermas ‘ ‘ | his Case weve mie 
tian tuhe of of 6 it )wa idequ 21, a 
x 
the met iitied raplaly at position. 1 pro 
face tempt wture the mold ide pou 
i} tad i he igh the! the 
face The bead of the chre l-alumel ce 200 
A } velded int tr pening © that it Val 
with the ir ie mold face. The partiall cart 
then covered with a thin coating melt 
ead m 
Except + +} nt? mold wash wa ised w 
the test the xide coatu which had Liquidus and solidus tempe iture were determined 
f " jon the n i vhen thev were cast was not from inverse rate cooling curve of the couple located io 
. band as ed to prevent welding of the ingot at the center of the ingot. These curves were deter- BS 
+} tur 
the iwa mined ttir ed M the tem- 
The platinun nd platinum- Der : 
6 gage. the cl rie nd alun 
temperature vere jet 
cale with ar ecurae if ni 
a sensit t f 0.1 pet. The of ; 
fed on a similar inst wi 
readit ‘ 16 thermo 
Sir n tl n tv & 
Ove 8 couple attached to eacn 1 at Va 
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The solid solubility of iron in 2 to 10 pct cupro-nickels increases 
with temperature and nickel content. Property changes accompany 
ing various heat treatments indicate typical precipitation hardening 
behavior. Iron content also affects softening temperature and sub 


scale formation. These factors, as well as impingement corrosion t 
resistance, influence the optimum iron content of commercial alloys 


Table | Compositions of Alloys Studied 


hardening, ; ithe con equence 


with commercial production are 


isce} 
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As etched lightly with bichromate 


As revealed by clectropolishing 
10 pet Ni alloy annealed 2 hr at 700 C Sample 


Fig 4 Precipitation in 2 pct Fe 
pct after quenching trom above solvus 


previously cold rolled 


Fig 5—Patch type precipitation in 15 pct Fe.10 pet 
Ni alloy annealed | hr at 500 C after quenching 
trom 900 X150 
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Table II. Effect of Iron on Hardness of Quenched, Cold-Rolled and Reheated Cupro-Nickels 2 and 5 Pct Ni 
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Effect of iron content on precipitation hardening of 10 pct 
cupro nickels quenched from 900 C 


Fig 8—Eftect o content on precipitation hardening of 10 pct Fig 9 
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Volatility and Stability of Metallic Sulphides 
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The apparent vapor pressures of a number of metal sulphides were 
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Technical Note 


A Sensitive Method for Thermal Analysis of Very Low Melting Alloys 


Fig |—Thermal analysis furnace and auxiliary equipment 
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Typical time temperature curve btained on heating 
Ga Sn Zn alloy 
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Fig 2—Detail of thermal.analysis equipment 
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Rolling Textures in Face-Centered Cubic Metals 


As described by means of quantitative pole figures, the inside texture of 
highly rolled aluminum and copper strips may be approximately described by 
tour equivalent ideal orientations near (123) | 121). If rolled in reversed passes, 
the surface texture of copper ts also near (123 121), that of aluminum is 

100 |O11!. The inside texture of highly rolled brass is (110) (112). The 
surface texture is the same, if rolled in reversed passes. The surface texture of 
all three metals is related to the inside texture, but asymmetrical, if rolled 

without reversal between passes 
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Fig 11) pole figure for tre inside texture of 95 pct rolled 


2S aluminum strip 
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Results and Discussion 


Fig 11) pole figure showing “ideal” orrentations used by 
various mvestigators for the rolling textures of aluminum, copper 

and o 48 pct Ni Fe alloy 
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units 
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( nt ‘ thie t est ntensit 
econd highest intensity maxima at the periphe 
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than the fe iluminum (25 ). Neverthels tne 
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Annealing Textures in Rolled Face-Centered Cubic Metals 


As described by means of quantitative pole figures, the annealing texture 
of highly rolled aluminum consists of the four retained components of the rolling 
texture near (123) | 121), rather more sharply developed, and of a cube texture 
component. Local reorientation corresponds fairly well to 40° rotation around 
a |111! axis. In copper strip rolled 96 pct, the annealing texture is mainly the 
cube texture, with the four twin orientations as minor components. The anneal 
ing texture of highly rolled brass strip consists of four components of the | 225 
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Results 
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Composition of Electrolyte Used Producing a Thin 


Oxide Film on High Purity Aluminum 


Materials 


Fig 4— 111) pole figure for the annealing texture of 28 aluminum 
strip, rolled 95 pct and annealed 5 min at 300 4 

specimen 0.004 in. thick, from center portion of in thick strip 

orientation. circle in tri 


Open triangle indicates 
Intensities in arbitrary units 


angle. (100) (G01) orientation 
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Fig S—High purity aluminum crystal 95 
ormation bands parallel to the rolling direction 


specimen electrolytically 


thin sxide flim 


5 pct rolled. showing det 
with no sharp 


boundaries visible between regions of different onentations 
etched to produce 


polished and anedically 
yellow 


Alternate deformation bands appear 


and with the sensitive tint lamination used 


showing the four symmetrical crystal 


Fig 6 Ill) pole figure 
of the rolling texture of 2s 


lographically equivalent components 
aluminum 
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Their ertentation is approximately 


as ivt 
areund the comm ’ 


are related by « rotation ef 
itl) pole Comp ents Land INV are 


around the commen (tit) pole te 
related by a rotation of a 


spenents and 


by a retation of 

land in rough approxi 

‘ around their (11) poles near the periphery which are 

apart. The relationship of components Land can be urately 

described as a 180° rotation around the rolling plane nermal (the 
center of the pole figure 


ation 
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tained in the annealing texture. In fact 
the are nNere n ‘ nary leve ped eon 
4 with F 1 of ref. 16. In additior 
ie 
existence the he texture cor onent Wa 
By meat f the oxide fin nd sensitive tint 
t 
“ 
ng plane norn t nderstandable that com- 
nent f the texture (see | 6) should 
0 have the sam as component III, and I the 
Iv. } jeformation bands within 
| i vt i ail 
the ume grav whicl ppea alternately blue and 
‘ may have entation relationship cor- 
nd to tl t hetween ¢ mt nent and Il ta 
j 4 $ a marked Y in Fig. 6), 0 that between component E. 
. 
| 
WA \ 
| ax 4 4 
+ — 
minum” crvstals a coarse grained specimen were 
a a ~ 
tudied. In the ; led condition the jeformed 
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of the 1. entatior of ome pand 
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i ntere me | 
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hows only two ma component he rouin rae + < 
art xX iiffractior ndicate fou ich com- 
nents, Fig. 6. It wa bserved that, in rotating tne x ; 
tage of the microscope a gra reve ne ras 
! color after a tatior f 180 . The method 
therefore, not capable of differentiating betweer 
tation around the optical ax Since in the present \ y ‘ 
— 
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Fig 9 11} pole figure for the annealing texture of electrolytic 

tough pitch copper strip, roiled 96 pct, anne aled 5 min at 200 C 

Specimen thick, from center pert f in thick 

strip) Open triangle indicates io entaten. solid triangle 

ertientation The pele which these tue orte ntations 

have in common is marked by half filled triangle Intensities tn arbi 
trary units 
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Fig 10 200 pole figure for the annealing texture of electrolytic 
tough pitch copper strip 


asin Fig & Open square designates toe ml oer 
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square ertentation Intensities In arbi 
trary units 


entation selid 


Discussion of Results 


il itive texture 


JANUARY 1952, JOURNAL OF METALS~-87 


the 
\ he, 
ent et t to the f innealed cor \ ii e. 
t it m wit! tr ic? ecrvsta 
‘ nme ‘ ‘ iu 
vas observed, in some cas easing the averag 
t ‘ the entat t between me - 
\ 
ndition the dor ! ild 1 lescribed without 
tatior It w ed that at 
till hivhe temperature 100 $50 C) o 
(Cy) 
finn aned ares yhicl have becorme 
nnealod ta tu and jomait \ 
vth. are eventu t bed by large grains of ( ©) Cy, <a 
Thew ie texture determined f innealed elect = 
at 200 ( with a resultiz averaue ) ) 
e of 0.013 mm) composed mau he 
l 
mit t nent { fo (122) [212] type 
nd the (200) 1 e are hown in Fi and 
Aft, molete tu ! the 95 pect ed 
mime ) brass | ealing : even more closely to the (123) [121] type “ideal : 
mat 
40 C. an extremely fine i e of appros ate entation” than the four components of the roll oe 
mr i btained. The exture deter- texture. for which th orrentation was originalls 
f 
} nm it : 
reat f the ta ed mate ai now ed dec ease of the catte aroulr 1 the ick il 
I 11 and 12, which represent the (111) pole figure lentatior that 1 a sharpening of the texture ame 
nd the (200) 1 ef ire espective Ideal 4 t has beer epeatedlv found a » result of annealin 6 
thor f the (113) [211] orrentation, frequent Tr harpening Ma be due t either one of two om 
ed to describe the ree ta tion texture of bra mechanisms, both based on the orientation depend et 
ndicated by j nd those for the ence f vrai } ind mot ty Preferential 
(225) 1734] orientation are indicated by pen t vrowtl { | ‘ ins fa iblv ornented (for high . 
angele ind are n the pole figure It appea 
i ju i 
shat under the condition f the present wv k the 7 
4 ) feu entation describe bette the 
‘ ition texture bra than the conver 
(1 ) [211] omentation 
The present determinatior 
nfirm ‘ tatements found in the literature 
ed commercial aluminum to a large ¢ xtent 
eta ( be 
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minat j “ture 
what w poare a pred i cube [ 
ed and annealed aluminum In a spe me 
eported t Schmid and Wasser- 5 < 
i ! \ 
7 
The microscopic obse tions irly indicate that 
(relief of strain with practically ca ) 
entation change), as described by Crussard, and O J tO 
tion witl ‘ eorientation. The latt« 
sation which the callv new. are prev- 
} 
- 
text f 2S aluminum ¢ espond 
| 
TRANSACTIONS AIME 


the annealing texture of commercial 
30 brass 

square indicates 1 oft 
It orientation Intensities in arbitrary 


units 


JOURNAL OF METAL ANUARY 


TRANSACTIONS AIME 


4 
‘ mn bund in wt hy the f tte euct 
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Fig. 13 
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tween the rolling texture and the annealing texture of 70-30 brass 
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ponents of the annealing texture 
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Arrows indicate retations of 
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On the Solution of Diffusion Problems Involving 


Concentration-Dependent Diffusion Coefficients 


This paper contains solutions of the differential equation of diffu 
sion in binary alloys if the diffusion coefficient ts an exponential 
function of the concentration of one of the components 


betwee 


C WAGNER, Member AIME, is Visiting Professor of Metallurgy 
Dept of Metallurgy, Massachusetts Institute of Technology, Cam 
bridge, Mass 
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c.f of O. ie 
) 
Moreove Boltzmann and Matano have how! io 
sitable unit the distance fron nae of comnosition trom 
> 
reference plane: ti nd DD. the diffusion « tne ifeas a function of (2/t'*) for the initial 
efficient conditions stated in eq 2 } been determined ex a 
H tly have nted that eq 1 be menta Thu nstance neiple the 
nvent neth units measuring the liffusion coefficient ir ve old alloys may be 
j niv if the all can be ‘ irded ited i funct f concent the 
i framew , Ir ene tt not the case whole inge of tion from only one diffusior 
espec the ttice mete \ ‘ ppree expe ment with i couple of pure Ive and pure 
mpositior If a modified coordinate old welded togethe 
ten ised instead f n orth fon tem ¢ od If the diffusion coefficient D a i function of cor bs 
n the centimete ength unit, eq 52 obtained centration ¢ known, a ition of eq 1 f bound ? 
which } the re em forn eq | and conditior i tated in eq 2 with arbitrarily 7 
enera i T nece transformations are chosen values of nd ec may be wanted. Fe ! 
esented the tance f the n coeflicrent im é 
If ) ndependent concent t ? » funetior of noeentratior ha beer ce ved 
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American Institute of Mining and Metallurgical Engineers Annual Meeting 
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SUNDAY, FEBRUARY 17 


100 pm. AIME 
Student Relations Committee Meeting 
2:00 pm. AIME 
Board of Directors Meeting ) IMD 
800 pm. IMD 
Program Committee Meeting 


Ma ga t ‘ 
¢ t 
Forge Co 

Jaffee 


Ohi 


Solidification and Physical Metallurgy 


P A Beck Chowman John P Nielson, Chawman, Ben H Alexander, Secretary 
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30 am, EMD 
Copper and Lead 
1 G Leckie and P R Drummond. Associate Chairmen 


Properties 
T E Leontes, Chairman, R L Fullman, Secretary 
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P f Mg-T Mg-Th-Ce A r. Met Mec! m for Mercury Stre Cracking 
Leontis. Dow Chi M nd, Mict f Copper A W. D. Robertson, Yale Universit as 


TUESDAY FEBRUARY 19 | 


am. IMD 
Publications Committee Breakfast Meeting 


M Gensamer, Chairman 


Metals Branch Council Meeting 


Long hawmar 
m. EMD am. EMD 
Zinc 
Physical Chemistry of Extractive Metallurgy 
R A Young and Ll P Davidson A <vate Chawmen 
H H Kellogg and A J Phillips. Associate Chawmen 


m §MD 
Training of Extractive Metallurgists »00 am, EMD 
Round Table C Manganese Conservation 
able Discussion 
A W Schlechten and R Schuhmann Jr A ste Chawmen Jowuntly with MBD 


} H Jacobs and John Sulliwan, Associate Chairmen 


pm IMD 


Burk hawman D C Jillson. Secretary 


imD 
Seminar: Theory of Metals 
ght up to date 


R F Mehl and B L Averbach, Associate Chairmen 
f Met Frederick 


General Session 


H B Emerick and B M Larsen, Associate Chairmen 


Research in Progress 


Howe Memorial Lecture 


M L Harder and T L Joseph, Associate Chairmen 


S 


( 


N 


Yom Ir 
Executive Committee Meeting 
215 pm. EMD 
R M Brick 
Physical Chemistry of Extractive Metallurgy 
Committee Luncheon Meeting 
H H Kellogg, Chairman 


430 pm 
Membership Committee Meeting 
W Hares Chowman 
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1100 am. ISO 
( mec ‘ ‘ Stee Augustus B. Kin- 
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1230 pm. ISO Re fire Sr t ‘ fe 
Executive Committee Luncheon Meeting : 


T L Joseph Chairman eve. 


Physical Chemistry of Extractive Metallurgy 


L M Pidgeon and R Schuhmann. Jr Associate Chauwmen 


EMD 


Addition Agents in Electro Metallurgy 
Round Table Discussion 
Lawrence Addicks 
S Skowronsk: and P R Drummond Associate Chairmen 


Honorary Chawman 


Crystal Structure 


R Moddin, Chawman R G Treuting, Secretary 


2:00 pm. EMD—Joint Session Crystal Structure of TaCr i CbCr,: P. Duwez, H 


Symposium on Manganese Conservation 1459 


O C Ralston and Shadburn Marshall. Associate Chauwmen 


2.00 pm. IMD Annual Business Meeting 
Seminar. Theory of Metals Institute of Metals Division 
R F Mehl and B L Averbach Associate Chairmen R M Brick, Chairman 


1100 am, IMD 


Annual Lecture, Institute of Metals Division 
W M Perce and R M Brick, Associate Chairmen 


State P t \ 


Williar shock le 


spe Murray Hill, N. J 
600 pm 
Metals Branch Cocktail Party 12:30 pm, EMD 
7.00 pm Executive Committee Luncheon Meeting 
Metals Branch Annual Dinner O C Ralston, Chairman 
12:30 pm, ISD 
Toastmaster C C Long, Director, Research Dept Luncheon Meeting 


t Jo 
St. Joseph Lead Co of Pa Physical Chemistry of Steelmaking Committee 
M. Tenenbaum, Chairman 


200 pm, EMD 
Addition Agents in Electro Metallurgy 


Physical Chemistry and Uncommon Metals Round Table Discussion 
S. Skowronsk: and P R Drummond Associate Chairmen 


N. Arbiter and O C Ralston, Associate Chairmen Contd 
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Panel Discussion High Temperature Alloys 


Norman Moc he hawmoan 


Symposium on Oxygen in Steelmaking 


od D E Bat Ass ste Chawmen 


Constitutional Diagrams 
F N Rhines Chawman. L A Willey, Secretary 
I 
Annual Business Meeting, Extractive n 
Metallurgy Division : 
oO Ralston Charman 


THURSDAY FEBRUARY 


Uncommon Metals 


rban and A U Seybolt, Associate Chawmen 


m. EMD Symposium: Oxygen in Steelmaking 


Addition Agents in Electro Metallurgy G Derge and D J Girardi, Associate Chairmen 


Round Table Discussion 


ate Chawmen 


me 
Transformation and Hardening 
Cho n. Georee A. Roberts, Secretary Luncheon Meeting 


Powder Metallurgy Committec 


} 3 Cordiano, Chairman 
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Uncommon Metals 


Gonser and A R Kaufmann Associate 


pm 


Symposium Oxygen in Steelmaking 
EMD D L McBride and R E Birch Associate Chowmen 
pm M 


Addition Agents in Electro Metallurgy 
Round Table Discussion 


Continued 


H R Hanley and Skowronsk: Associate Chauwmen 


pm 
Physical Properties 


M A Wilhamson Chairmen, R | Jattee Secretary 


Powder Metallurgy Seminar 
Metal Ceramic Materials 


John C Redmond. Presiding 


IMD Fall Meeting Paper Deadline 
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Post Convention Cruise Planned 


Queen 


Bermuda 
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No other nominations 
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At recent meetings of the AIME 
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Annual Meeting 
Committees Named 


Arrangements Committee 
Frances Cameron, Chawman 


Reception Committee 
Philip D Wilson, Charman 
Bancroft Lester E. Grant 


J ( 


Banquet Committee 
M B Gentry, Chairman 
C Raymond, Vice Chawman 


\ ‘ (; 


t W 
J 


\t 


Dinner- Smoker Committee 
Lours C Raymond, Chairman 
Mouwell L McCormack, Vice Charman 

| i 


1) 


k 


Welcoming Luncheon Committee 
W J Turner Charman 


M hn 


Informal Dance Committee 
lra K Hearn Charman 


my 


Hotel Committee 
Robert H Ramsey, Chairman 


Robert B. Fultot 


Information Committee 
Alvin Knoerr, Chauwman 
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Cocktail Party Committee 
Russell H W Chadwick, Charman 
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Committee Appointed Annual Meeting 


Personnel of the AIME Te ‘ ' l pe eu { Robert W Hunt Medal to G Derge 

tt t W O Philbrook and Kenneth M 
Goldman 

J E Johnson. Jr Award to Willham R 
Bond 

C H Mathewson Gold Medal to C G 
Dunn F Lionmetti F W Daniels 
and M J Bolton 

Robert H Richards Award to John F 
Myers 


" 
Ore Deposits of Western Rossiter W Raymond Memorial Award 
to Donald A Dahlstrom 


States” to be Republished Certificate of Honorary Membership to 


Everette De Golver 


‘ t tt IME 


Student Chapter 


A new Student aes of wu 
\IME 
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Student Papers Selected 
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Michigan Alumni to Meet 


The New York section of the Mu 
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Welcoming Luncheon will have Ha i KR Me 


is guest speaker 
Cocktail Party, Stat! 
K area extend a 


ttend th 


Smoker 


Chicago Section Hears ing the dinner, ther 


Chic ago Section, \IME, held ad Informal Dance, Hote! Statler. Music by 12-4 


ents and entertainme juri 


Wednesday, February 20 


The Annual Banquet | be held the Wald 


t will be preceded t tne 
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NECROLOGY 


Death 
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TAKE Lectromelt FURNACES TO YOUR ORE 


AND SAVE ON TRANSPORTATION 


Deloro Smelting & 
Refining Company Ltd 
employ three 
Lectromelt Furnaces 


here at Deloro, Ontario 


installed awa 


r Bulletin 


Manvtectured in CANADA Lectromelt Furnaces of Conede. lid, lerente 
2 ENGLAND Birlec. Lid Birminghom AUSTRALIA Birlec Lid. Sydney 
FRANCE Stein ot Roubaix Poris BELGIUM S$ A Beige Stein ot 
Roubaix Bressous-Liege SPAIN General Electrica Esponcia Bilboo 
ITALY Forni Stein 


D> MOORE RAPID 
WHEN YOU MELT... 


| You have elect: power at the mine Whe 
Aw/ 
= rom servine ce er 
2 2 thie pol | 
le ny Vou n re i! i these furnaces services 
rite Puttst ul Lestromedlt t it ce 
2 
50,000 K.V.A. 
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USE NATIONAL CARBO 


TRADE-MARK 


For the splash plate! 


For the runout troughs’ 


@ National” carbon is now firmly established for blast furnace 
linings. used outside the turnace as well — wherever there 
comtact with molten material—tor the splash plate, runout troughs 
clear down to the ladle —skimmer plate, cinder notch liner and 
cider notch plug 
The reasons 
National” carbon has no melting point. Its highly resistant to 
ind thermal shock not wet by molten metal has The term Noti 
# Union Cort 
NATIONAL CARBON COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 4200 Street. New 


i tow thermal expansion ind maintains its mechanical strength 


it clesvated temperatures 
Use National” carbon inside and outside vour blast turnaces and 
cut down maintenance, speed up production and save money 
bor more tatormation, write to National Carbon Company, Dept. S 


CANADA N 
@ Mont 


: 
Sales OFF Atlanta. ¢ go, Dallas 
Kansas City, New York, San Francisco 


